





















(YBRID  $ENSITY  FUNCTIONAL  CALCULATIONS  HAVE  BEEN 
CARRIED  OUT  FOR  !U  !U(/  !U/  AND  !U( 











)N  RECENT  YEARS  GOLD  HAS  BEEN  ATTRACTING  INDUSTRIAL  AND 
SCIENTI½C  INTEREST  FOR  ITS  CATALYTIC  ACTIVITY  IN  SUCH  REACTIONS 
AS  PROPYLENE  PARTIAL  OXIDATION  ODOUR  DECOMPOSITION  THE 
DIRECT PRODUCTION OF (/ FROM ( AND / AND #/ OXIDATION 




4HESE  FEATURES  MAKE  THE  CATALYSTS  ADVANTAGEOUS  FOR 
APPLICATIONS UNDER AMBIENT CONDITIONS )N GENERAL HOWEVER 
FUNDAMENTAL WORK IS USUALLY CARRIED OUT UNDER RELATIVELY DRY 
CONDITIONS 4HEREFORE  IT  IS  IMPORTANT TO EXAMINE THE EFFECT 
OF  MOISTURE  TO  UNDERSTAND  THE  UNIQUE  CATALYTICALLY  ACTIVITY 
BY GOLD  4HE  EFFECT  OF MOISTURE  IN  GOLD  CATALYSTS  HAS  BEEN 
INVESTIGATED MAINLY  FOR  #/  OXIDATION  SINCE MOISTURE  HAS  A 
REMARKABLE EFFECT &ROM DETAILED QUANTITATIVE ANALYSES IT HAS 
BEEN  FOUND  THAT MOISTURE  ENHANCES  THE  CATALYTIC  ACTIVITIES 
FOR  NO  LESS  THAN  TWO  ORDERS  OF  MAGNITUDE  AND  THE  EFFECT 
OF  MOISTURE  DEPENDS  ON  THE  TYPE  OF  METAL  OXIDE  SUPPORT 
PRESENT 	 
$ESPITE ALL THE INVESTIGATIONS ON !U CATALYSTS THE REACTION 
MECHANISM  STILL  REMAINS  UNCERTAIN  )T  IS  WELL  KNOWN  THAT 
BOTH  THE  ELECTRONIC  STATE  AND  THE  STRUCTURE  OF  !U  CLUSTERS 
ARE  DRAMATICALLY  CHANGED  DEPENDING  ON  WHICH  SUPPORT  IS 
SELECTED   -OREOVER  EVEN  IF  THE  SUPPORT USED  IS  THE  SAME 
THE  CHARACTERISTICS  OF  THE  !U  CLUSTERS  DEPOSITED  COULD  BE 
DIFFERENT  DEPENDING  ON  THE  SURFACE  CONDITION  SUCH  AS 
REDUCED  AND  OXIDIZED  SURFACES  OF  THE  SUPPORT  )N  ORDER  TO 










OUT  ON  THE  CHARGE  TRANSFER  INTERACTION  BETWEEN  !U  AND 
OXYGEN OR (/ IN !U MODEL CLUSTERS
#OMPUTATIONAL PROCEDURE
5NRESTRICTED HYBRID $&4  5",90	  	  CALCULATIONS WERE  ½RST 



























SUPERIMPOSED  ON  THE  ATOMIC  CON½GURATION  IS  DEPICTED 
#HARGE DEPLETION AND CHARGE ACCUMULATION ARE SHOWN IN BLUE 
AND  RED  RESPECTIVELY  &ROM  THESE  ½GURES  IT WAS  FOUND  THAT 
THE  CHARGE  VARIATIONS WERE  OCCURRING  ON  THE WHOLE  SURFACE 
OF THE !U CLUSTER !DDITIONALLY THE DETAILED ANALYSES OF $&4














4HE  HEMISPHERICAL  GOLD  CLUSTER  SHOWN  IN  &IGURE  A	  WAS 
INVESTIGATED  AS  IT  WAS  WELL  KNOWN  THAT  THE  HEMISPHERICAL 
!U  CLUSTERS  WERE  DEPOSITED  ON  THE  SUPPORT  SURFACE  IN  THE 
HIGHLY  ACTIVE  !U  CATALYSTS  4HE  STRUCTURE  OF  THE  !U  CLUSTER 
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  AND  ON  /  IN  !U
/  ALTHOUGH  FAINT  CHARGE 




INTERACT  WITH  /  	  4HE  TENDENCY  OF  THEIR  EXPERIMENTAL 
RESULTS IS SIMILAR TO OUR CALCULATION RESULTS BECAUSE THE BINDING 
ENERGY WITH /  IS MUCH  LARGER  FOR  THE !U
 CLUSTER  THAN  FOR 









THE  GEOMETRICAL  RELAXATION  CONSTRAINT  ON  THE  GEOMETRICAL 
OPTIMIZATION OF OUR MODEL SYSTEMS 
.EXT  !U(/  MODELS  WERE  EXAMINED  TO  STUDY  THE 
INTERACTION BETWEEN THE !U CLUSTERS AND (/ MOLECULE 4HE 




4HEREFORE  THE  TENDENCY  OF  (/  ADSORPTION  ON  !U  MODEL 










WATER  MOLECULE  ON  THE  NEGATIVELY  CHARGED  !U  IS  ALIGNED 
WITH  THE  PROTONS  DIRECTED  TOWARD  THE  NEGATIVELY  CHARGED !U 
CLUSTER SURFACE 7E COULD ATTRIBUTE THE RESULTING ALIGNMENT OF 
THE  ADSORBED  WATER  IN  !U




ANIONIC !U  CLUSTERS  AND /  	  4HIS  TENDENCY  IS  SIMILAR  TO 
OUR  CALCULATION  RESULTS  FOR  THE  INTERACTION  BETWEEN  AN  !U 
CLUSTER  AND  (/  4HE  COMMON  CHARACTERISTIC  OF  BOTH  (/ 
AND  #/  IS  THEIR  ABILITY  TO  DONATE  ELECTRONS  TO  !U  CLUSTERS 
4HEREFORE  IT  WAS  FOUND  THAT  THE  INTERACTIONS  BETWEEN  !U 
CLUSTERS  AND ADSORBATES HAVE  A  CLOSE  AF½NITY WITH BOTH  THE 
ELECTRONIC STATE OF  THE !U CLUSTER AND THE CHARACTERISTICS OF 
THE  ADSORBATES  AS  ACCEPTORS  OR  DONORS  TO  THE  !U  CLUSTER 
4HE  VARIATIONS  IN  THE  CHARGE  DENSITIES  OF  THE  !U(/ 
!U
/  AND  !U
(/  MODELS  LISTED  IN  4ABLE    INDICATE 
CHARGE  TRANSFER  FROM  AN  (/  MOLECULE  TO  THE  SURFACE 
!U  ATOMS  WHILE  -ULLIKEN  ANALYSIS  IS  A  RELATIVELY  COARSE 
METHOD  4HESE  RESULTS  IMPLY  THAT  THE  PRESENCE  OF  AN  (/ 
MOLECULE  PROMOTES  AN  INCREASE  OF  THE  SURFACE  NEGATIVE 
CHARGE  DENSITIES  IN  THE  !U  CLUSTER  BECAUSE  THIS  CHARGE 
TRANSFER  FROM  (/  TO  THE  !U  CLUSTER  OCCURRED  IN  ALL  THE 
!U(/  CLUSTERS  -OREOVER  IT  IS  KNOWN  THAT  !U  CLUSTERS 
CATALYSE  SEVERAL  INTERACTIONS  WITH  THE  INERT  SUPPORT  SUCH 







&ROM  THE  CALCULATIONS  IT  WAS  FOUND  THAT  ALL  !U  MODEL 
SYSTEMS  EXAMINED  HAVE  AN  INTERACTION  WITH  (/  4HE 
RESULTS  OBTAINED  FOR  (/  ADSORPTION  ONTO  THE  !U  MODEL 














/(/ MODEL  SYSTEM WAS  FOUND  TO  BE    KCALMOL    )N 






(/  IT WAS  FOUND  THAT 





MIGHT  BE  ASSOCIATED  WITH  THE  HYDROGEN  BONDING  BETWEEN 
/ AND (/ 4HEREFORE  IT SUGGESTS THAT THE HYDROGEN BOND 
BETWEEN  /  AND  (/  IN  THE  !U
/(/  MODEL  SYSTEM 
ALSO PLAYS  AN  IMPORTANT  ROLE  IN  THE ACTIVATION OF / ON  THE 
!U CLUSTER SURFACE  
$ISCUSSION 




CHARGE  TRANSFER  PLAYS  AN  IMPORTANT  ROLE  IN  THE  FORMATION 
OF  THE  !U/  AND  !U(/  COMPLEXES  4HE  DIRECTION  OF 
THE  CHARGE  TRANSFER  IN  ALL  THE  !U(/  MODELS  EXAMINED 










































+ITAGAWA  AND  0ROFESSOR  +IZASHI 





-ETROPOLITAN  5NIVERSITY  AND  IS  VERY  WELL 








































THAT  IS  SUITABLE  FOR  THE ACTIVATION OF / ON  ITS  SURFACE MIGHT 
BE  PRODUCED  BY  CHARGE  DONATION  FROM  ADSORBED  (/ 
MOLECULES ADSORBED ONTO  THE  SURFACE OF  THE !U CLUSTER   !N 
EXCESS  OF WATER MOLECULES  HOWEVER MIGHT  ACT  AS  A  POISON 
FOR / ADSORPTION ONTO THE !U CLUSTER SURFACE )T IS KNOWN THAT 

























OF A  SURFACE ADSORBED COMPLEX ALL PLAY AN  IMPORTANT  ROLE  IN 
ACTIVATION OF / AND THEREBY PROMOTE ITS CATALYTIC ACTIVITY
#ONCLUDING REMARKS
















2ESEARCH  ON  0RIORITY  !REAS  FROM  THE  -INISTRY  OF  %DUCATION 
#ULTURE 3PORTS 3CIENCE AND 4ECHNOLOGY *APAN
